Based on overcoming the sleeping obstacle for people, the purpose of this study is to design a photo-induced biofeedback fabric which is a kind of optical fiber fabric with the function of enhancing sleeping sense and to evaluate its effect. The fabrics with two layers including background layer and pattern layer were designed firstly. The pattern layers with 3 kinds of wavelengths of sine waves and the light controller with 3 kinds of flashing frequencies were then prepared. Guiding the light into the optical fiber, it will emit out of the optical fiber and stimulate our visual system to change the form of brain wave. Finally, EEG and sleeping scale were applied to evaluate the effect of enhancing sleeping sense. The results were shown that human's brain wave can be changed from sober status to shallow-sleeping status and the effect of enhancing sleeping sense can be achieved for all pattern layers in frequencies of 0, 5 and 10 Hz. Furthermore, female is more significant than male and participants age from 30 to 49 are the most significant. Besides, the stronger the participant's stress is, the more significant the sleeping sense is.
Introduction
According to the investigation of Taiwan Society of Sleep Medicine (TSSM), more than 4.5 million people have sleeping obstacle and 2.5 million people have suffered from chronic insomnia in Taiwan in 2006. Only a few people would like to consult doctors for this general issue. Therefore, how to enhance sleeping sense by using an effective and natural method has become an important issue and needs to be studied. Because the sleeping quality is strongly relative to stress [1, 2] , stress relaxation and providing sound sleeping quality are the main aims of this paper.
In general, methods of stress relaxation are listed as follow: medical control treatment, exercise and homework treatment, breathing control treatment, musical treatment, Biofeedback treatment, and so forth [3, 4] . The principle of Biofeedback was adopted in this paper and was applied to train the people with sleeping obstacle to realize that it is their own ability to exercise self-control and self-adjustment, as well as it is also to make them understand that it is one's own responsibility to overcome this stress problem [5] [6] [7] .
Referring to the aforesaid method of biofeedback treatment, a unique home decoration fabric with the functions of stress relaxation and sleeping sense enhancement was created by the combination of textile, photoelectric system, and medical technology. This is in a way with the hope to stimulate the activity of the brain wave by the light emitting out of the optical fibers which were weaved into fabric and sewn on it, other than by medication. It is expected that such innovation can release the stress exerted in our busy life and provide a new natural way choice of stress relaxation and enhancing sleeping sense for the people.
Materials and Methods

Biofeedback Fabrics Design.
There are two layers in this biofeedback fabric including pattern layer and background layer. The background layer is woven with the warp and the weft densities of 36 ends per inch by 150 denier white synthetic filament yarn (SFY) and plastic optical fiber (POF) of 0.25 mm diameter. By sewing the Plastic Optical Fibers (POFs) of 1.5 mm diameter on the surface of the background layer in a form of sine wave with various wavelengths as the pattern layer, the light can be guided into one end of the POFs and then emit out of the lateral of the POFs. The emitting light can stimulate a change of the brain wave by the reaction of man's visual system. Besides, a light controller was designed for obtaining various flashing frequencies of light. The details of the design for our study were described as follows.
(1) Background Layer. The background layer draft was shown in Figure 1 . A plain weave fabric was applied to this background layer. The warp yarn of the background layer is composed of synthetic filament yarn and plastic optical fiber (POF) in ratio of 1 : 1 for color appearance in background layer. The weft yarn is applied with the same SFY as the warp yarn. All of the POFs of the warp yarn were gathered into (2) Pattern Layer. The pattern layer draft was shown in Figure 2 . For the curvature of pattern layer, plural sine waves with wavelengths ( ) of 60 cm in sample 1 ( 1 ), 30 cm in sample 2 ( 2 ), and 10 cm in sample 3 ( 3 ) in a ratio of amplitude to wavelength 1 : 2, were arranged horizontally with a distance of 4 cm between each line. The plastic optical fibers of 1.5 mm diameter with significant side emitting light characteristic were sewn on the background layer with transparent Polyamide 6 filament yarns of 0.2 mm diameter. All of the POFs of pattern layer were gathered into a strand and connected to a 0.3 watt blue LED light with a flashing frequency adjusted by a light controller.
(3) Light Controller. There are four types of light intensities and were provided including dark, glimpse, moderate, and strong. Besides, three types of the flashing frequencies were provided including 0 HZ ( 1 ), 5 HZ ( 2 ), and 10 HZ ( 3 ). The LED can be connected with the strand of POFs by using a black thermoplastic tube. Figure 3 . The biofeedback reaction will go into the encoder unit via the above said EEG measurement instrument. The brain wave reaction of the participant will simultaneously indicate on the computer screen.
Evaluating Procedure and Method
(2) Sleeping Scale. We widely collected 130 adjectives related to sleeping sense and relaxation from the literature. The 21 preferable adjectives were selected by using KJ (Kawakita Jiro) method which is a grouping method performed by 6 members. Finally, 7 adjectives were chosen including Relaxed (Q1), Soft (Q2), Comfortable (Q3), Stretchable (Q4), Light (Q5), Free (Q6), and Sleepy (Q7); those 21 adjectives by using SDT (Semantic Differential Technique) of 5 scales performed by 30 subjects. After transferring these 7 adjectives into 7 questions and a sleeping scale of SDT with 11 scales (0 to 10), they were utilized to evaluate the sleeping sense in this study. For further data analysis, the 6 questions of Q1 to Q6 can be grouped together standing for Relaxed as Q1-Q6 expressed in Table 9 to Table 12 .
(3) Evaluating Procedure. The evaluating procedure of this experiment was shown in Figure 4 and described below.
(1) 5 minutes before the evaluation is conducted, the participants have to be informed of the purpose and the procedure in preparation stage and the samples should be prepared as showed in Figure 5 .
(2) For the comparison of sleeping sense after the stimulated stage, filling sleeping scale is conducted in 1 minute before starting the resumed stage.
(3) Closing the eyes and taking a rest for 3 minutes is necessary in resumed stage (RS), it can assure that the participant's condition has recovered from the former evaluated stage (SS).
(4) In the stimulated stage (SS), the participants open their eyes and look at the biofeedback fabric for 3 minutes. During this period of time, the participants' visual system will be stimulated and their brain waves (2) to (5) steps for all the 3 samples of the different curvatures ( 1 , 2 , and 3 ) of biofeedback fabric are done, and then the experiment is completed for single subject.
(4) Evaluating Condition. Before the starting of this experiment, the relevant conditions and factors which may affect the result of the experiment should be kept constantly and remained throughout the whole experiment. The biofeedback fabric is placed at 100 cm above the ground level and the distance between the biofeedback fabric and participant is 200 cm. The participant sits straight at eyes level with the objective board in horizontal level as shown in Figure 5 . The light strength of the evaluating room is kept under 0.001 lx.
The participant should be motionless, keeping silence and 
Results and Discussions
The EEG instrument was applied to measure the brain wave's strength at different flashing frequencies and to evaluate the biological state of the participants at resumed stage and stimulated stage. The measuring data obtained will be further analyzed and compared based on different stimulation condition, participant's age, and gender. Therefore, all the participants' brain waves need to be stabilized at resumed stage of phases of 1 , 2 , and 3 for the comparison of stimulated stage. The participants' brain waves at resumed stage of phases of 1 , 2 , and 3 for sample 1, sample 2, and sample 3 were shown in Table 1 . The values of the differences among all the phases of 1 , 2 , and 3 for all samples and all brain waves (B 1 , B 2 , B 3 , and B 4 ) are all larger than 0.05; that is, there are no significant differences of their brain wave activities in all phases according to ANOVA test. We can confirm that the brain wave after 3 minutes rest of closing eyes can be stabilized and be able to resume the original status before starting the measurement of stimulated stage.
(1) Analysis of Brain Wave at Different Stimulated Stage. The brain wave differences between the resumed stage (RS) and the stimulated stage (SS) in phases of 1 , 2 , and 3 were analyzed according to the -test. The results were listed in Table 2 and described as follows. For all the phases of 1 , 2 , and 3 , Alpha waves (B 1 ) are decreased significantly and transferred into Theta wave (B 3 ) and Delta wave (B 4 ) standing for the slights sleeping status. The less the brain wave's frequency (e.g., B 4 < B 3 ), the more significant increasing is the brain wave's strength (e.g., B 4 > B 3 ); that is, the reaction of the brain wave can be changed when the participants was stimulated by the light out of the optical fiber in biofeedback fabric, as well as the brain wave strength is more obviously and easily enhanced for the lower frequency of brain wave. The results demonstrated that the brain wave can be changed and reached to a status of slight sleeping (B 4 ands B 3 ) from relaxation status (B 1 ). As to the high frequency of the Beta wave (B 2 ), standing for the exciting and sobering status, there is no significant difference between the resumed stage and the stimulated stage because the participants' original status is relaxant. The further analyses of brain waves at the stimulated stage in different flashing frequencies were listed in Table 3 . For all the brain waves of B 1 , B 2 , B 3 , and B 4 , there are no significant differences among the 3 different flashing frequencies according to ANOVA test. The results showed that the biofeedback fabrics in conditions of 3 kinds of flashing frequencies are all effective. increasing. This result demonstrated that the biofeedback fabrics in conditions of different flashing frequencies are all effective for female. As to male, the result was the same with female. The biofeedback fabrics in conditions of 3 kinds of flashing frequencies are all effective to male. Comparing female with male, the effect in enhancing sleeping sense for female is more significant than it for male because the changes of Alpha wave decreasing and Theta/Delta wave increasing for female are more significant than it for male; that is, the female's brain wave is easier to be changed than it for male's brain wave. Tables 6, 7 , and 8. For the Age 1 (18 to 29) group, the Alpha waves were decreased and the Theta/Delta waves were increased, but all of them were not significant. For the Age 2 (30 to 49) group, the Alpha waves were decreased, however they were not significant, but the Theta and Delta waves were significantly increased. For the Age 3 (50 to 65) group, the Alpha waves were decreased and the Theta waves were increased; however they were not significant, but the Delta waves were increased and reached a significant level. According to the aforementioned results, the effect in enhancing sleeping sense for Age 2 group is the best among all the groups of Age, and Age 1 group ranks behind Age 3 group. Maybe the stress of the Age 2 group is the strongest among all the groups of Age and the stress of the Age 3 group is stronger than Age 1 group. Therefore, we can infer from the results that the stronger the participant's stress is, the more obvious the effect in enhancing sleeping sense is. Table 9 . For all the samples in phases of 1 , 2 , and 3 , the differences of Q7 standing for sleeping sense between ( 0 ) after RS and ( 1 , 2 , 3 ) after SS were extremely significantly increased. Their values were all reaching 0.000. The differences of Q1-Q6 standing for relaxed feel for 3 (10 Hz) were increased significantly. Their values were less than 0.05. Adversely, the differences of Q1-Q6 for 2 (5 Hz)were decreased significantly. Besides, the difference was not significant while comparing 0 with 1 (0 Hz). The results demonstrated that the sleeping sense of the participants can be enhanced when their visual system were stimulated by all samples in frequencies of 1 , 2 , and 3 . However, the relaxed feel of the participants can be enhanced while stimulating only in frequency of 3 for all samples.
(5) Analysis of Sleeping Scale for Male And Female at Different
Stimulated Stages for Different Samples. The score differences of sleeping scale for male and female between 0 after the resumed stage (RS) and after the stimulated stage (SS) in phases of 1 , 2 , and 3 for sample 1, sample 2, and sample 3 were analyzed and the results were listed in Tables 10 and 11 . For all the samples in phases of 1 , 2 , and 3 , the differences for male and female of Q7 standing for sleeping sense between 8 Advances in Materials Science and Engineering 
